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(54) [Title of the Invention] 

PRIMARY SIZING AGENT FOR GLASS FIBER AND THE GLASS FIBER 
ON WHICH IT IS DEPOSITED 



(57) [Abstract] 

[Object] To develop a primary sizing agent for glass fiber which does 
not migrate easily while maintaining good weaving properties and cleanability, 
and the glass fiber on which it is deposited. 

[Constitution] Glass fiber which does not undergo migration easily while 
maintaining good weaving properties and cleanability, can be obtained by using 
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a primary sizing agent for glass fiber which contains at least a water-soluble 
epoxy resin and has a pH of 5.5-7.5. 
[Scope of the Patent Claim(s)] 

[Claim 1] Primary sizing agent for glass fiber, which contains at least 
a water-soluble epoxy resin and has a pH of 5.5— J± 

[Claim 2] Primary sizing agent for glass fiber according to Claim 1, 
which contains 1—2 weight% of the water-soluble epoxy resin. 

[Claim 3] Primary sizing agent for glass fiber according to Claim 1, 
where the water-soluble epoxy resin aggregates and forms particles with diame- 
ters of 0.5—50 fim. 

[Claim 4] Glass fiber, characterized in that a primary sizing agent 
which contains at least a water-soluble epoxy resin and has a pH of 5.5—7.5 is 
deposited on it, said epoxy resin having aggregated and formed particles with 
diameters of 0,5—50 /im. 

[Detailed Description of the Invention] 

[0001] 

[Field of Industrial Application] The invention is related to the pri- 
mary sizing agent needed when glass cloth is to be woven and pertains to a 
primary sizing agent for glass fiber with good weaving properties , oil remova- 
bility, and less likelihood of migration, and to the glass fiber on which it 
is deposited. 

[0002] 

[Conventional Techniques] Glass cloth is typically woven by using glass 
fiber that has been treated with a starch-based binder. In the case of glass 
cloth with a starch-based binder, the glass cloth must be de-oiled by heating 
in order to improve its affinity for epoxy resins or polyester resins. How- 
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ever, this process of de-oiling with heat tends to lower the performance char- 
acteristics of the glass fiber. 

[0003] To address this problem, a means of de-oiling by rinsing instead 
of heating has been developed. This newer method uses a water-soluble epoxy 
resin as the binder and thus the glass cloth can be easily de-oiled by rins- 
ing. The problem, however, centers around the fact that the water-soluble 
epoxy resin binder tends to migrate very easily. This migration phenomenon is 
where the binder becomes concentrated on the surface of glass fiber which is 
pasted and wound around a tube, etc. (hereinafter this product being expressed 
as the cake), when the water evaporates. 

[0004] In the case of a primary sizing agent which migrates easily, the 
amount of the binder that sticks to the surface is 10 or more times greater 
than the amount in the central portion. Cloth woven from glass fiber that 
undergoes such migration is a primary candidate for poor impregnation and thus 
the properties of the resulting FRP (fiber-reinforced plastic) will be 
degraded and unsatisfactory. 
[0005] 

[Problems to be Solved by the Invention] The problem to be solved is to 
develop a primary sizing agent which does not migrate easily while maintaining 
good weaving properties and cleanability, and glass fiber on which it is de- 
posited. 

[0006] 

[An Approach to Solving the Problems] The present invention eliminates 
the foregoing problem by regulating the pH of the primary size and thereby 
varying the water solubility of a water-soluble epoxy resin. In other words, 
the invention comprises a primary, sizing agent characterized in that it con- 
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tains at ; least a water-soluble epoxy resin and has a pH of 5.5-7.5, and glass 
fiber characterized in that a primary sizing agent which contains at least a 
water-soluble epoxy resin and has a pH of 5.5-7.5 is deposited on it, said 
water-soluble epoxy resin having aggregated and formed particles with diame- 
ters of 0.5-50 fim. The pH of the primary sizing agent must be 5.5-7.5. If 
the pH is less than 5.5, the water-soluble epoxy resin dissolves to the molec- 
ular level and its migration increases; with more than 7.5, the solubility 
decreases and the water-soluble epoxy resin settles upon preparation of the 



size. 



[0007] The pH of the primary sizing agent can be adjusted to 5.5-7.5 by 
the use of an acid such as acetic acid or formic acid. There are two ways 
this can be done when preparing the primary size, namely, the acid can be 
introduced into the solution being prepared or the acid can be introduced into 
the water-soluble epoxy resin in advance. Either one of these methods can be 
used.. 

[0008] It is advisable to adjust the admixed amount of water-soluble 
epoxy resin to 1-2 weight% based on the total weight of the primary sizing 
agent. If more than 2 weight% is added, the water-soluble epoxy resin may 
settle out if the primary sizing agent is allowed to stand after being pre- 
pared. If less than 1 weight% is added, the bond strength will be insuffi- 
cient and fuzz will be readily generated when the size is applied to glass 
fiber. 

[0009] Examples of ways to make an epoxy resin water-soluble include 
reacting the epoxy resin with an amine such as diethanolamine so as to add the 
amine to the epoxy resin, or reacting the epoxy resin with ethylene glycol, 
glycerol, or polyethylene glycol. To make an epoxy resin water-soluble by 



reacting it with diethanolamine, it is advisable to react 0.5-2 moles of 
diethanolamine with 1 mole of the epoxy resin. Suitable examples of epoxy 
resins include bisphenol A types, novolak types, aliphatic epoxy resins, gly- 
cidyl ester types, and brominated epoxy resins, any of these epoxy resins 
being suitable for use. 

[0010] Components such as surface treatment agents, lubricating compo- 
nents, and antistatics can be suitably added to the primary sizing agent of 
the invention in addition to the above-mentioned essential components. In the 
case of surface treatment agents, lubricating components, and antistatics, it 
is advisable to add about 0.1—1 weight% based on the total weight of the 
water-soluble epoxy resin. Suitable examples of desirable surface treatment 
agents are amino silanes, diamino silanes, cationic silanes, cyclic epoxy 
si lanes, glycidoxy silanes, mercapto silanes, chloros i lanes , ureido silanes, 
imidazole silanes, vinyl silanes, and methacryloxy silanes, but any compound 
can be used as long as it provides good bonding with the matrix in composite 
materials. Butyl stearate is the preferred lubricating component. It is 
advisable to use a quaternary ammonium salt as the antistatic agent. 

[0011] It is advisable to use the primary sizing agent of the invention 
as an aqueous mixture in the form of a solution containing 1—3 weight% of the 
effective component. Preferred amounts of the primary sizing agent to be 
affixed with respect to the glass fiber are 0.1—1 weight%, and even more pre- 
ferred amounts are 0.15-0.30 weight%. 
[0012] 

[Effects] The glass fiber of the invention has extremely good weaving 
properties, and the primary sizing agent attached to the glass fiber has very 
good cleanability, i.e., it is extremely easy to remove by rinsing, and yet 



has the feature that migration can be minimized. These excellent properties 
are presumably explained as follows: When the pH of the primary sizing agent 
is lower than 5.5, the water-soluble epoxy resin dissolves to the molecular 
level, but when it is greater than 5.5, the water-soluble epoxy resin, which 
will no longer dissolve to the molecular level, instead aggregates and makes 
the primary sizing agent cloudy. At this point it is desirable for the water- 
soluble epoxy resin to exist in the form of particles with diameters of about 
0.5—50 fim t and preferably in the form of a colloid with particles of 1—5 fim. 
When the particle size is less than 0.5 /im, there is prominent migration, and 
when the particle size is more than 50 /im, size stability is low. 

[0013] The primary sizing agent of the invention, which contains a 
water-soluble epoxy resin that has aggregated and has particle sizes larger 
than those of conventional products, does not move easily with the flow of 
water evaporating toward the surface of the cake in the drying process after 
the glass fiber has been treated with the size and wound in the form of a 
cake. This is presumably why the migration process is minimized. 

[0014] The particle size of the water-soluble epoxy resin in the primary 
sizing agent is larger, but the bonding ability and lubricity of the sizing 
agent are surprisingly improved to some extent, and the weaving properties are 
extremely good. 

[0015] The rinsing treatment for primary sizing agents deposited on 
glass fiber is usually carried out with a treatment solution prepared by 
adding 0.1—1.0 weight% of an acid to a cleaning solution. A water-soluble 
epoxy resin that has aggregated into large particle sizes is less soluble in 
water than before aggregation, but it is released from aggregation by the 
addition of the above-mentioned acid, which increases its solubility in water 
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and makes it extremely easy to remove. 
[0016] 

[Actual Examples] The invention will now be explained in more detail by 
the use of actual examples* 
[0017] 

Actual Example JL 

Glass fiber was spun as follows and a primary sizing agent was deposited 
on the glass fiber. The glass (E glass) was melted in an electric furnace and 
drawn out through a platinum nozzle. The glass fiber thus obtained was then 
treated with the primary sizing agent of the invention as described below by a 
contact roller method. The rotational speed of the contact roller was set in 
accordance with the desired adhering rate of the primary sizing agent. The 
glass fiber was then wound around a tube to provide a cake and left to stand 
in air for 24 hours to dry. The amount wound into the cake was 3.3 kg. The 
amount of the primary sizing * agent of the invention that adhered to the glass 
fiber, as determined from the increase in weight of the entire cake was 0.20 
weight%. 

Primary Sizing Agent 

A water-soluble epoxy resin was synthesized by adding 1 mole of 2,2'- 
iminodiethanol (from Wako Pure Chemical Industries) to 1 mole of Epikote 828 
(component: 100% bisphenol A diglycidyl ether; from Yuka Shell Chemical) at 
40°C. 1.0 weight% of this synthesized product, 0.3 weight% of arainopropyl- 
triethoxy silane (from Shin-etsu Chemical; trade name KBE 902) as a surface 
treatment agent, 0.5 weight% of butyi stearate (from Matsumoto Yushi; trade 
name E-4B) as a lubricating component, and 0.1 weight% of glacial acetic acid 
(99% pure) were added, then enough water was added to make up 100 weight%. 



[0018] 

Actual Example 2 

Glass fiber was produced in a manner similar to that of Actual Example 1, 
except that a primary sizing agent with the amount of acetic acid adjusted to 
0.05 weight% was used. The adhering rate relative to the glass fiber of the 
primary sizing agent of the invention as determined from the increase in 
weight of the entire cake was 0.26 weight%. 

[0019] 

Actual Example 3 

Glass fiber was produced in a manner similar to that of Actual Example 1, 
except that a primary sizing agent with the amount of the synthesized product 
of Actual Example 1 adjusted to 2.0 weight% was used. The adhering rate rela- 
tive to the glass fiber of the primary sizing agent of the invention as deter- 
mined from the increase in weight of the entire cake was 0.36 weight%. 

[0020] 

Actual Example 4 

Glass fiber was produced in a manner similar to that of Actual Example 3 f 
except that a primary sizing agent with the amount of acetic acid adjusted to 
0.05 weight% was used. The adhering rate relative to the glass fiber of the 
primary sizing agent of the invention as determined from the increase in 
weight of the entire cake was 0.36 weight%. 

[0021] 

Comparison Example 1 

An attempt was made to produce glass fiber in a manner similar to that of 
Actual Example 3, except by using a primary sizing agent with the amount of 
acetic acid adjusted to 0 weight%, but because of the sediment that formed in 
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the primary sizing agent, glass fiber production had to be stopped. 
[0022] 

Comparison Example 2 

Glass fiber was produced in a manner similar to that of Actual Example 1, 
except that a primary sizing agent with the amount of the synthesized product 
of Actual Example 1 adjusted to 3.5 weight% was used. The adhering rate rela- 
tive to the glass fiber of the primary sizing agent of the invention as deter- 
mined from the increase in weight of the entire cake was 0.46 weight%. Some 
sediment formed in the primary sizing agent, but it was re-emulsified by stir- 
ring in order to produce the glass fiber. Because of this, the adhering rate 
of the primary sizing agent was high and the travelling properties of the warp 
were poor, thus the machine had to be stopped frequently during weaving. 

[0023] 

Comparison Example 3 

Glass fiber was produced in a manner similar to that of Actual Example 1, 
except that a primary sizing agent with the amount of the synthesized product 
of Actual Example 1 adjusted to 0.5 weight% was used. The adhering rate rela- 
tive to the glass fiber of the primary sizing agent of the invention as deter- 
mined from the increase in weight of the entire cake was 0.21 weight%, 

[0024] The compositions of the primary sizing agents used in the above- 
mentioned Actual Examples and Comparison Examples are shown in Table 1. 

[0025] 

Measurement of the Adhering Rate in Various Parts of the Cake 
After the spun glass fiber was left to stand at room temperature for 24 
hours, samples of 100 m each were taken from various parts of the cake and the 
weight (a) of the sample was measured. The sample was then placed in a 625 °C 
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atmosphere for 30 minutes to burn off the primary size adhering to the glass 
fiber. After burning, the sample was cooled to room temperature in a desicca- 
tor and the weight (5) was measured. The primary size adhering rate in vari- 
ous parts of the glass fiber was calculated by the equation given below. This 
particular equation complies with JIS R 3420-1989. Namely, the following 
equation was used for calculation: 

Adhering Rate (%) - (a — b)/a x 100 

The measured adhering rates are shown in Figure 1. According to Figure 
1, it is easy to see that migration is controlled by using primary sizing 
agents according to the invention. 

[0026] 

Weaving Properties 

The weaving properties are indicated as "O" for glass fiber that involved 
stopping the machine fewer than 10 times when weaving 1,000 m, and that had 
fewer than 10 pieces of fuzz per square meter of woven cloth. The symbol "A" 
was used for glass fiber that involved stopping the machine at least 10 times 
but fewer than 20 times when weaving 1,000 m, and that had no more than 20 
pieces of fuzz per square meter of woven cloth. The symbol "x" was used for 
glass fiber that involved stopping the machine 20 or more times in weaving 
1,000 m. 

[0027] 

Size Stability 

The symbol "O" was given to primary sizes with no sediment after the size 
was prepared and then left to stand for 24 hours. The symbol "A" was given 
to those in which sediment formed when left to stand for 24 hours, but which 
could be re-emulsified by stirring. The symbol "x" was given to those in 
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which sediment formed when left to stand for 24 hours, but which could not be 
re-emulsified even by stirring. The weaving properties of glass fiber, the 
size stability, and the number of times the machine was stopped during weaving 
of the above-mentioned Actual Examples and Comparison Examples are shown in 
Table 2. 

[0028] 

[Advantages of the Invention] As described above, the pH of a primary 
sizing agent that contains a water-soluble epoxy resin is adjusted to 5.5-7.5, 
whereby the weaving properties and the removability by rinsing of the primary 
sizing agent adhering to the woven cloth remain satisfactory, but migration 
during drying can be kept down in a cake made of glass fiber on which a pri- 
mary sizing agent of the invention has been deposited because particles of the 
water-soluble epoxy resin are adjusted to colloidal sizes that do not settle 
out. Accordingly, the primary sizing agent is uniformly deposited from the 
center of the cake to the surface, so that the mechanical properties of a com- 
posite material using a cake of glass fiber on which a primary sizing agent of 
the invention has been deposited are very good. 
[Table 1] 

TABLE 1. KEY: (a) Actual Example ; 

(b) Comparison Example .... ; (c) water- 
soluble epoxy resin; (d) acetic acid; (e) 
lubricating component; and (f) surface 
treatment agent. 
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[Table 2] 



TABLE 2. KEY: (a) Actual Example ; 

(b) Comparison Example , . . . ; (c) size 
stability; (d) weaving properties; (e) 
number of times the machine was stopped; 
and (f) 30 or more. 
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Figure 1. KEY: (a) Actual Example ; 

(b) Comparison Example ; (c) adhering 

rate, %; (d) inner layer (s) of the cake; 
(f) surface layer(s) of the cake; and (f) 
Note: Comparison Example 1 did not allow 
spinning. 
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[Form for Procedural Revision] 
[Date Submitted] February 9, 1995 
[Procedural Revision 1] 

[Object Document to be Revised] Specification 

[Object Paragraph to be Revised] Brief Description of Figure(s) 

[Method of Revision] Addition 

[Content of the Revision] 

[Brief Description of the Figure(s)] 

[Figure 1] Figure illustrating the primary size adhering rate. 
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This Page is Inserted by IFW Indexing and Scanning 
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Defective images within this document are accurate representations of the original 
documents submitted by the applicant- 
Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 



L3 BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 
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